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Stability indicating methodAbstract A simple, sensitive and speciﬁc stability indicating high performance liquid chromato-
graphic (HPLC) method for the estimation of Desloratadine was developed and validated. Deslorat-
adine was separated and quantitated on Inertsil ODS-3 V column (250 mm length, 4.6 mm id, 5 lm
particle size) using a mixture of methanol–phosphate buffer of pH 7.0 (70:30 v/v) as a mobile phase
and at a ﬂow rate of 1.0 mL/min. Quantiﬁcation was achieved with an UV detector at 254 nm over
the concentration range of 5–75 lg/mL. The appliedHPLCmethod allowed the separation and quan-
tiﬁcation of Desloratadine with good linearity (r2 = 0.999) in the studied concentration range. Limit
of detection and limit of quantiﬁcation were found to be 1.28 lg/mL and 3.89 lg/mL, respectively.
The method was validated as per the International Conference on Harmonization (ICH) guidelines.
Desloratadine stock solutionwas subjected to different stress conditions. The degraded product peaks
were well resolved from the pure drug peak with signiﬁcant difference in their retention time values.
Stressed samples were assayed using developedHPLCmethod. Statistical analysis of the data showed
that the method is precise, accurate, reproducible, and selective for the analysis of Desloratadine. The
method was successfully applied to the estimation of Desloratadine in tablet dosage form.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Desloratadine (DLT) is a non sedative, long acting antihista-
mine with selective peripheral H1 receptor antagonistic activ-
ity. DLT is slightly soluble in water, but highly soluble in
methanol and propylene glycol. Chemically desloratadine is
8-chloro-6, 11-dihydro-11-(4-piperidinylidene)-5H-benzo [5,6]
cycloheptane [1,2-b pyridine] (Schroeder et al., 2001).
No ofﬁcial method for the estimation of DLT is available in
the literature. Xu et al., reported a liquid chromatographic-
tandem mass spectrometric (LC/MS/MS) method for the
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hydroxydesloratadine concentrations in human plasma for
pharmacokinetic and bioequivalence studies (Xu et al., 2007).
Liu et al., developed the high performance liquid chromato-
graphic (HPLC) method for the determination of DLT in dog
plasma and used for evaluating the bioequivalence of DLT
fumarate tablets and DLT tablets in dogs (Liu et al., 2004).
Ponnuru et al., developed the LC-ESI-MS/MS method for
quantitation of DLT in human plasma and applied for its phar-
macokinetic study (Ponnuru et al., 2012). Other methods for
quantiﬁcation of DLT are in rat plasma with LC–MS (Chen
et al., 2009), human plasma with LC–MS (Yang et al., 2003;
Lu et al., 2005; Xu et al., 2007; Shen et al., 2007) LC–MS with
nanospray ionization (Ramanathan et al., 2007) and human
plasma with HPLC are reported (Shen et al., 2006; Ghosal
et al., 2009). Wen et al., developed a method using liquid–liquid
extraction (Wen et al., 2009) with a concentration range of 0.1–
20 ng/ml. The sensitivity was improved by Xu et al., with a con-
centration range of 0.05–10 ng/ml (Xu et al., 2007). Among all
researchers, Yang et al., achieved the best results with high sen-
sitivity at a linearity range of 25–10,000 pg/ml with SPE extrac-
tion (Yang et al., 2003). Furthermore, the spectroﬂuorometric
method (Method II) was reported for the in vitro determination
of DLT in the presence of the parent drug loratadine in spiked
human plasma and samples were prepared using solid phase
extraction (El-Enany et al., 2007).
Spectrophotometric, spectroﬂuorometric and HPLC meth-
ods (Methods I-IV) were developed and described by El-Enany
et al., for the determination of DLT, in pharmaceutical prep-
arations. Methods I and II are based on coupling DLT with
4-chloro-7-nitrobenzo-2-oxa-1,3-diazole in borate buffer of
pH 7.6 where a yellow colored reaction product was obtained
and measured spectrophotometrically at 485 nm and spectro-
ﬂuorometrically at 538 nm after excitation at 480 nm, respec-
tively. Methods III and IV, on the other hand, involved
derivatization of DLT with 2,4-dinitroﬂuorobenzene in borate
buffer of pH 9.0 producing a yellow colored product that ab-
sorbs maximally at 375 nm. The same derivative was deter-
mined after separation adopting HPLC (El-Enany et al.,
2007). El-Sherbiny et al., described the HPLC procedure for
analytical quality control of pharmaceutical preparations con-
taining loratadine and DLT was developed using a microemul-
sion as the eluent (El-Sherbiny et al., 2007). Rao et al.,
separated DLT and its impurities in pharmaceutical dosage
forms using an ultra performance liquid chromatography
(UPLC) method (Rao et al., 2010). Zheng et al., described a
gradient ion-pair chromatographic separation of DLT and re-
lated compounds in solid pharmaceutical formulation (Zheng
et al., 2010). Kubacak et al., reported quantitation of DLT
in pharmaceutical formulation with electrophoresis (Kubaca´k
et al., 2005). Razib et al. developed a RP-HPLC assay method
for the estimation of DLT in marketed formulations (Razib
et al., 2006). Sumarlik et al., reported a TLC method for the
estimation of DLT in tablet formulation after the extraction
of samples with 96% ethanol (Sumarlik et al., 2005).
Most of the methods reported were intended for the analy-
sis of biological samples and require tedious procedures for
sample pretreatment. Further, the LC method reported (Razib
et al., 2006) for the assay of DLT in pharmaceutical dosage
form shows longer retention times (greater than 7.0 min) as
compared to the proposed method and consequently generates
a large amount of solvent waste, which may adversely affectthe environment, therefore demands expensive disposal pro-
cess. Further, the absence of an ofﬁcial pharmacopoeial meth-
od for estimation of DLT motivated the authors to attempt,
and to develop a stability indicating HPLC method for the
estimation of DLT which is simple, rapid, less expensive and
environment friendly.
The present study describes the validation of a stability-
indicating RP-HPLC method for the determination of DLT
in the presence of its degradation products according to the
ICH guidelines (ICH, 2005). The developed method is applied
for the routine analysis of DLT in pharmaceutical tablet dos-
age form.2. Experimental
2.1. Materials and methods
The pure DLT powder was obtained from Divi’s Laboratory
Ltd., India. HPLC grade methanol, acetonitrile, water, trieth-
ylamine, tetrahydrofuran, and orthophosphoric acid were pur-
chased from E. Merck (India) Ltd., Mumbai. Analytical grade
sodium hydroxide, hydrochloric acid, ammonia, monobasic
potassium phosphate, potassium dihydrogen phosphate,
ammonium acetate, and glacial acetic acid were purchased
from Spectrochem Pvt. Ltd. India.
2.2. Apparatus
The method was developed using a WATERS 2695 instrument
equipped with a photo diode array detector 2996, isocratic
pump system, auto injector, and Inertsil ODS-3V column
(150 · 4.6 mm id, and 5 lm particle size).
2.3. Chromatographic condition
The Inertsil ODS-3V column was used at ambient tempera-
ture. The mobile phase consisted of methanol–phosphate buf-
fer (70/30, v/v) with the ﬁnal pH adjusted to 7.0 ± 0.02 and
was pumped at a ﬂow rate of 1 mL/min. The mobile phase
was ﬁltered through a Nylon 0.45 lm membrane ﬁlter and de-
gassed before use. The elution was monitored at 254 nm, and
the injection volume was 20 lL.
2.4. Preparation of Desloratadine standard stock solution
A 50 mg of standard DLT was accurately weighed and trans-
ferred to a 100 ml volumetric ﬂask and dissolved in 75 ml of
mobile phase. The ﬂask was sonicated for 10 min. The ﬂask
was shaken and the volume was made up to the mark with
the mobile phase to give a solution containing 500 lg/ml of
DLT. The above solution was ﬁltered through whatman ﬁlter
paper (0.45 l). From this stock solution the working standard
solution was prepared by further diluting 5 ml of stock solu-
tion to 50 ml using the mobile phase.
2.5. Sample preparation for determination of Desloratadine in
tablet dosage form
Twenty tablets were weighed and ﬁnely powdered. A mass
equivalent to 50 mg DLT was weighed and transferred to a
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added. The solution was sonicated for 15 min, and the ﬁnal
volume was diluted to the mark with the mobile phase to ob-
tain a solution of DLT (500 lg/mL). 5 ml aliquot of this solu-
tion was further diluted to 50 mL with the mobile phase to
obtain a 50 lg/mL solution of DLT, which was used for deter-
mination of DLT. The solutions were ﬁltered through a Nylon
0.45 mm membrane ﬁlter.
2.6. Method validation
Validation of the developed HPLC method was carried out as
per the International Conference on Harmonization (ICH)
guidelines Q2 (R1).
2.6.1. Speciﬁcity
Speciﬁcity is the ability of the method to measure the analyte
response in the presence of its potential impurities and degra-
dation products. Commonly used formulation excipients
(hydroxypropylcellulose, mannitol, microcrystalline cellulose,
polyethylene glycol 6000, and lactose monohydrate (Signet
Ltd., Mumbai, India), and Methocel E5 Premium LV EP (Col-
orcon Asia Pvt. Ltd., Goa, India) were spiked into a pre
weighed quantity of drugs. The chromatogram was taken by
appropriate dilutions and the quantities of drugs were
determined.
Speciﬁcity was also studied by performing the forced degra-
dation study using acid and alkali hydrolysis, chemical oxida-
tion and dry heat degradation studies and interference of the
degradation products were investigated. DLT was weighed
(50 mg) and transferred to two separate 100 ml volumetric
ﬂasks, dissolved in a few ml of methanol and diluted up to
the mark with methanol. This stock solution was used for
forced degradation studies.
2.6.1.1. Alkali hydrolysis. To the separate 50 ml volumetric
ﬂask, 5 ml stock solutions of DLT were taken and 5 ml of
3 M NaOH was added to perform base hydrolysis. Flask
was heated at 80 C for 2 h and allowed to cool to room tem-
perature. Solution was neutralized with 3 M HCl and diluted
up to the mark with the mobile phase.
2.6.1.2. Acid hydrolysis. To the separate 50 ml volumetric ﬂask,
5 ml stock solutions of DLT were taken and 5 ml of 3 M HCl
was added to perform acid hydrolysis. Flask was heated at
80 C for 2 h and allowed to cool to room temperature. Solu-
tion was neutralized with 3 M NaOH and diluted up to the
mark with the mobile phase.
2.6.1.3. Oxidative stress degradation. To perform oxidative
stress degradation, appropriate aliquots of stock solutions of
DLT were taken in separate 50 ml volumetric ﬂasks and 5 ml
of 3% hydrogen peroxide was added. Flask was heated in a
water bath at 80 C for 2 h. and allowed to cool to room tem-
perature and diluted up to the mark with the mobile phase.
2.6.1.4. Thermal (dry heat) degradation. Analytically pure
sample of DLT was exposed in an oven at 80 C for 2 h. The
solid was allowed to cool and 50 mg of DLT was weighed,
transferred to separate 100 ml volumetric ﬂasks and dissolved
in 75 ml of methanol. Volume was made up to the mark withmethanol. Solution was further diluted by the mobile phase
taking appropriate aliquots.
2.6.1.5. Photochemical degradation. The photochemical stabil-
ity of the drug was also studied by exposing the stock solution
to an UV-chamber for 24 h. The resultant solutions were
appropriately diluted with the mobile phase and analyzed.
All solutions were passed through a 0.45l whatman ﬁlter
paper and injected in the liquid chromatographic system and
chromatograms were recorded.
2.6.2. Calibration curve (linearity of the HPLC method)
Calibration curves were constructed by plotting peak area vs.
concentrations of DLT, and the regression equations were cal-
culated. The calibration curves were plotted over the six differ-
ent concentration range 5–75 lg/mL of DLT. Aliquots of
standard working solution were transferred to a series of
10 mL volumetric ﬂasks and diluted to the mark with the mo-
bile phase. Aliquots (20 lL) of each solutions were injected un-
der the operating chromatographic condition described above
(n= 6).
2.6.3. Precision
The intra-day and inter-day precision studies were carried out
by estimating the corresponding responses three times on the
same day and on three different days for three different con-
centrations of DLT (20, 30, 40 g/mL), and the results are re-
ported in terms of relative standard deviation. The
instrumental precision studies were carried out by estimating
the response of three different concentrations of DLT (20,
30, 40 g/mL) six times and results are reported in terms of rel-
ative standard deviation.
2.6.4. Detection limit and quantitation limit
The limit of detection (LOD) is deﬁned as the lowest concen-
tration of an analyte that can reliably be differentiated from
background levels. Limit of quantiﬁcation (LOQ) of an indi-
vidual analytical procedure is the lowest amount of analyte
that can be quantitatively determined with suitable precision
and accuracy. LOD and LOQ were calculated using the fol-
lowing equation as per ICH guidelines.
LOD ¼ 3:3 r=S; LOQ ¼ 10 r=S
where r is the standard deviation of y-intercepts of regression
lines and S is the slope of the calibration curve.
2.6.5. Accuracy (% recovery)
The accuracy of the method was determined by calculating the
recovery of DLT by the standard addition method. Known
amounts of standard solution of DLT (0, 25, 50 and 75 lg/
mL) were added to prequantiﬁed sample solutions of tablet
dosage form. The amount of DLT was estimated by applying
values of peak area to the regression equations of the calibra-
tion curve.
2.6.6. Robustness
Robustness of the method was studied by changing the ﬂow
rate (±10%) composition of organic phase (±2%) and the
pH (±0.2%) of mobile phase.
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Stability of sample solutions was studied at ambient tempera-
ture for 24 h.
2.6.8. System suitability test
The system suitability test was carried out to evaluate the res-
olution and reproducibility of the system for the analysis to be
performed, using ﬁve replicate injections of a reference solu-
tion containing 50 lg/mL of DLT. The parameters measured
were peak area, retention time, theoretical plates, and tailing
factor (peak symmetry).
3. Result and discussion
3.1. HPLC method development and optimization
Validation of a stability-indicating analytical method should
demonstrate the capability of the method for the quantitation
of the active pharmaceutical ingredient and the determination
of possible degradation products without any interference. To
obtain the best chromatographic conditions, the mobile phase
was optimized to provide sufﬁcient selectivity and sensitivity
in a short separation time. Ammonium acetate buffer resulted
in high sensitivity compared with phosphate buffer and phos-
phoric acid solution. The use of methanol resulted in better sen-
sitivity and short analysis time, improving the peak symmetry
(about 1.29). Columns from different sources were evaluated,
and the Inertsil ODS-3 V analytical column was selected, as it
provided the best chromatographic performance and acceptable
peak characteristics, including tailing factor and the number of
theoretical plates. Moreover, acceptable resolution of DLT and
the degradation products was obtained, conﬁrming the stabil-
ity-indicating capability of the proposed method. For selection
of the best wavelength of detection, a PDA detector was used.
A satisfactory separation with good peak symmetry and
steady baseline was achieved with Inertsil ODS-3V column
and methanol–phosphate buffer pH 7.0 (70 + 30, v/v) as the
mobile phase at a ﬂow rate of 1.0 mL/min. The quantitation
of DLT was achieved at 254 nm. The optimized conditions
of the HPLC method were validated for the analysis of DLT
in tablet formulations and application for QC. Fig. 1 shows
a typical chromatogram obtained by the proposed RP-HPLCFigure 1 Chromatogram of standard solutiomethod, demonstrating the resolution of the symmetrical peak
corresponding to DLT. The retention time observed (5.2 min)
allows a fast determination of the drug, which is suitable for
QC laboratories.
3.2. Method validation
Forced degradations are performed to provide indications of
the stability-indicating properties of an analytical method, par-
ticularly when there is no information available about the po-
tential degradation products.
The results from the stress testing studies indicated that the
method was highly speciﬁc for DLT. The drug was found to be
unstable in basic medium. The degradation products were
completely distinguishable from the parent compound. Alkali
stress lead to 70% recovery with two unknown degradation
peaks at 1.7 and 1.9 min, respectively, whereas a prominent
peak of DLT was stable at 5.58 min (Fig. 2a). Peroxide stress
lead to 84.5% recovery with one unknown degradation peak at
1.7 min, whereas a prominent peak of DLT was stable at
5.56 min (Fig. 2b). The force degradation studies in acid, ther-
mal and UV degradation conditions of DLT resulted in a sig-
niﬁcant decrease of the peak area, 90.0%, 82.9%, and 88.1%,
respectively, without any detectable degradation products
(Fig. 2c–e). Table 1 outlines the results of degradation study
of DLT at each stress condition.
Speciﬁcity is the ability to accurately and speciﬁcally mea-
sure the analyte of interest in the presence of other components
that may be expected to be present in the sample matrix. It is a
measure of the degree of interference from other active ingre-
dients, excipients, impurities, and degradation products. Spec-
iﬁcity in a method ensures that a peak response is due to a
single component only. In the present study, the ability of
the method to separate the drug from its degradation products
and the non-interference of the excipients indicate the speciﬁc-
ity of the method. Values of peak purity index were higher
than 0.9999. These results indicated that the proposed method
is speciﬁc and stability-indicating, and can be applied for sta-
bility studies and QC analysis of DLT in pharmaceutical prod-
ucts, with advantages when compared to the previously
published methods.
The linearity of a method is deﬁned as its ability to provide
measurement results that are directly proportional to the con-n containing 20 lg/mL of Desloratadine.
Figure 2 Chromatogram of Desloratadine and degradation
products (a) Alkali degradation (b) Peroxide degradation (c) Acid
degradation (d) Thermal degradation and (e) UV degradation.
Table 2 Regression analysis of calibration graphs for Desl-
oratadine for the proposed HPLC.
Parameter Desloratadine
Concentration range (lg/ml) 5–75
Slope 43563
Intercept 25557
Standard deviation of the intercept 16897
Correlation coeﬃcient 0.999











Acidic API DLT 50 5.56 90.0
SAMPLE DLT 50 5.56 89.9
Alkali API DLT 50 5.58 70.0
SAMPLE DLT 50 5.55 70.2
Oxidative API DLT 50 5.56 84.5
SAMPLE DLT 50 5.55 84.8
Thermal API DLT 50 5.58 82.9
SAMPLE DLT 50 5.56 82.6
UV API DLT 50 5.58 88.1
SAMPLE DLT 50 5.57 80.0
S648 R.B. Patel et al.centration of the analyte. The linearity of the detector was ob-
tained by diluting the analyte stock solution and measuring the
associated responses, while the linearity of the analyticalmethod was determined by making a series of concentrations
of the analyte from independent sample preparations (weigh-
ing and spiking). The linearity data described in the present
study demonstrate an acceptable linearity for DLT over the
range of 80–120% of the target concentration. Linear correla-
tion was obtained between peak areas and concentrations of
DLT in the range of 5–75 lg/ml. The following regression
equation was found by plotting the peak area (y) versus the
DLT concentration (x) expressed in lg/mL:
y= 43562x+ 25557. The correlation coefﬁcient (r2: 0.999)
obtained for the regression line demonstrates the excellent rela-
tionship between peak area and concentration of DLT. Data
of regression analysis are summarized in Table 2. Moreover,
the relative SE of slope can be used as a parameter with respect
to the precision of the regression, as a general acceptance cri-
terion for the linearity performance of the analytical proce-
dure. This parameter should be comparable to the RSD
obtained in the evaluation of the precision. The result obtained
for the RSD of the slope was 0.44%, which is lower than the
mean value of 0.95% for the RSD of the precision.
The precision, evaluated as the repeatability of the method,
was studied by calculating the RSD for six determinations of
the 50 lg/mL sample of DLT performed on the same day
and under the same experimental conditions. The obtained
RSD value was 0.90%. The RSD values for repeatability study
was found to be <1%, which indicate that the proposed meth-
od is repeatable. The intermediate precision was assessed by
analyzing two samples of the pharmaceutical formulation on
three different days (interday); the mean values obtained were
99.13% and 99.40% with RSDs of 0.64% and 0.83%, respec-






Repeatability (RSDc, %, n= 6) 0.90
Precision (RSD, %)
Interday (n= 3) 0.64–0.83
Intraday (n= 3) 0.73–0.88
Speciﬁcity Speciﬁc
Solvent suitability Suitable
a LOD= limit of detection.
b LOQ= limit of quantiﬁcation.
c RSD= relative standard deviation.
Table 5 System Suitability Test Parameters of Desloratadine
for the proposed HPLC method.
System suitability parameters Desloratadine RSD, % Status
Retention times (RT) 5.20 0.21 Pass
Peak area 219898 0.85 Pass
Theoretical plates (N) 3769 0.96 Pass
Tailing factor (AS) 1.29 0.14 Pass
Table 6 Assay results for the tablet dosage form using the
proposed HPLC.
Parameter DLT ± SDa (nb = 5),%
HPLC
Tablet formulation 99.46 ± 0.15
a SD= standard deviation.
b n= number of determination.
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culating the mean values and the RSD for the analysis of
two samples of the pharmaceutical formulation by three ana-
lysts; the values were found to be 99.46% and 99.97% with
RSDs of 0.73% and 0.88%, respectively. The RSD values
for intermediate precision was found to be <2%, which indi-
cate that the proposed methods are reproducible.
The accuracy was assessed by the standard addition method
for three replicate determinations of three different solutions
containing 50, 100, and 150 lg/mL of DLT. The recoveries
were obtained in a range of 98.15–99.50% for DLT using
the proposed HPLC method. (Table 3) The high values indi-
cate that the proposed HPLC method is accurate.
The LOD and LOQ were determined from slopes of linear
regression curves. The limit of detection (LOD) and limit of
quantiﬁcation (LOQ) for DLT were found to be 1.28 and
3.89 lg/mL, respectively. (Table 3) LOD and LOQ data show
that DLT can be accurately determined in the microgram
quantity.
The results and the experimental range of the selected vari-
ables evaluated in the robustness assessment are given in Ta-
ble 4, together with the optimized values. There were no
signiﬁcant changes in the chromatographic pattern when the
modiﬁcations were made in the experimental conditions, thus
showing the method to be robust. Solvent suitability study
was carried out to establish the stability of the sample in an
analytical solution (diluent) over a period of time during rou-
tine analysis. The stability of sample solutions was tested atTable 4 Chromatographic conditions and range investigated
during robustness study.
Variable Range DLT, % RSD, % Optimized value
Flow rate (ml/min) 0.9 98.14 0.27 1.0
1.0 99.68 0.21
1.1 99.31 0.34
Percentage of methanol 60 98.58 0.28 70
70 99.97 0.17
80 98.07 0.31
pH of mobile phase 6.8 98.69 0.55 7.0
7.0 99.80 0.22
7.2 99.02 0.43intervals of 12 h, 24 h, and up to 48 h. The method was found
to be rugged as there was no change in the area of DLT. Re-
sults of this solvent suitability study show a non-signiﬁcant
change (<2%) relative to freshly prepared samples. The
RSD values calculated in the system suitability test for the
parameters studied were within the acceptable range
(RSD< 2.0%), as shown in Table 5, indicating that the sys-
tem is suitable for the analysis intended.
3.3. Method application
The proposed RP-HPLC method was applied for the determi-
nation of DLT in tablet dosage forms, without prior separa-
tion of the excipients of the formulation. The results in
Table 6 demonstrate the quality of the analyzed pharmaceuti-
cal samples and the applicability of the method for QC
analysis.
4. Conclusions
This study is a typical example of the development of a stabil-
ity-indicating assay following ICH guidelines. The results of
stress testing are undertaken according to the ICH guidelines
which reveal that the method is speciﬁc and stability-indicat-
ing. Based on the peak purity results obtained from the analy-
sis of forced degradation samples using the described method,
it can be concluded that there is no other coeluting peak with
the main peaks, and the method is speciﬁc for the determina-
tion of DLT in the presence of degradation products.
A simple and rapid isocratic stability-indicating RP-HPLC
method has been developed and validated for the determina-
tion of DLT in tablet dosage form. The results of the valida-
tion studies show that the RP-HPLC method is sensitive,
accurate, speciﬁc, and stability-indicating. It possesses signiﬁ-
cant linearity (r2 = 0.9999), precision with a mean RSD of
0.90%, high efﬁciency and resolution, and no interference
from the excipients or degradation products, as was demon-
strated. The proposed method was successfully applied and
is suggested for the quantitative analysis of DLT in pharma-
S650 R.B. Patel et al.ceutical formulations for QC, where economy and time are
essential and to assure therapeutic efﬁcacy.Acknowledgements
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